
m Fermi National Accelerator Laboratory 
FERMILAB -Pub -15 / 85 -Em 
7300.045 

(Submitted to Phys. Rev. Let?. ) 

MULTIPLICITY DISTRIBUTIONS 
IN HIGH ENERGY NEUTRINO INTERACTIONS 

J. W. Chapman, C. T. Coffin, R. N. Diamond, H. French, 
W. Louis, B. P. Roe, A. A. Seidl, and J. C. Vander Velde 

University of Michigan, Ann Arbor, Michigan ‘48104 

and 

J. P. Berge, D. V. Bogert, F. A. DiBianca, D. C. Cundy, 
A. Dunaitsev, V. Ekemenko, P. Ermolov, W. Fowler, 

R. Hanft. G. Hsrigel. F. R. Huson, V. Kolganov, A. Mukhin, 
F. A. Nezrick, Y. Rjabov, W. G. Scott, and W. Smart 

Fermi National Accelerator Laboratory, Batavia, Illinois 60510 

November 9975 

errlad by Unlv~r~illsr Research Association Inc. under contracl with the United Slates Department 01 Energy 



Multiplicity Distributions in High Energy Neutr.ino Interactions 

J. W. Chapman, C. T. Coffin, R. N. Diamond, H. French, W. Louis, 

B. P. Roe, A. A. Seidl, and J. C. Vander Velde 

University of Michi an* 
Ann Arbor, Michigan 8 8104 

and 

J. P. Berge, D. V. Bogert, F. A. DiBianca, D. C. Cur@*, 

A. Dunaitse & V. Efremeriko+, P. Ermolo 2, W. Fowler, R. Hanft, 

G. Harigel*, F. R. Huson, V. Kolganov+, A. Mukhin#, F. A. Nezrick, 

Y. Rjabo$, W. G. Scott, and W. Smart 

Fermi National Accelerator Laboratory. 
Batavia, Illinois 6051.0 

Abstract 

Results from the Fermilab 15 ft. bubble chamber on the 

charged particle multiplicity distributions produced in 

high energy charged current neu,trino-proton interactions 

are presented. The mean charged hadronic multiplicity c-%> 

does not appear to depend strongly on neutrino energy or on 

momentum transfer squared at fixed hadron mass W. c nc> 

increases linearly with .8n W2 and a fit to the data gives 

< nc> = (l.ogh.38) + (1.09i.03) an WS. Comparisons are made 

to yp, ep, w, and inclusive pp scattering. The-mean hadronic 

multiplicity appears to depend only on the mass of ,the excited 

hadronic state, independent of the mode of excitation. 
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Ue present results on multiplicity distributions obtained 

in charged current neutrino interactions in the Fermilab 15 ft. 

hydrogen filled bubble chamber. The analysis is based on 622,000 

pictures obtained with a broad-band neutrino beam produced by 

300 G&'/c pro&s. The film was scanned for events with 3 or 

more prongs for which no track was within TO0 of the anti-beam 

direction. The events within a 21 m3 fiducial volume which have 

visible longitudinal momentum greater than 10 GeV/c were selected 

for further analysis. The procedures used to identify the muon 

and to obtain an ascicate for the nautrico energy, E,, together 

with further details of the experimental arrangement:are given 

in Ref. 1. 

Imposing the further requirement, In order to mIn1mize back- 

ground,that the neutrino energy exceed 15 GeV/c reduces the data 

sample to- 450 events. We estimate that 85$ of these are charged- 

current neutrino events with correctly identified muon and the 

remaining 155 are background composed of charged-current events 

with the wrong track chosen as the muon, neutral current events, 

anti-neutrino events, and neutral hadron-induced events. 

Table I dlsplays the multiplicity probabilities Pn for pro- 

ducing n prongs for various ranges of W2, the square of the had- 

ronlc mass. The probability for producing J-prongs decreases with 

increasing W2, while the probability of producing 7 or more prongs 

increases. A simLlar behavior is seen in Fig. 1, where the charged 

hadronlc multiplicity distribution is plotted for vari6us E, 
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intervals. The increase with energy of the probability for pro- 

ducing the higher multipllcltles causes the mean charged hadronlc 

multIplIcIty < nc> and width c to Increase. Table II Indicates 

however, that for a fixed value of U2, < nc> 1s independent of 

E Y' Thus In Fig. 1 the Increase of < nc> with E, Is due to the 

increase in the range of klnematlcally allowed W. 

In Fig. 2 we have plotted the mean hadronlc ~ltlpllclty as 

a function of Q2, the momentum transfer squared between the lep- 

tons, for various W2 ranges. The dashed lines are the overall 

c nc> for the W2 intervals. We see that there 1s no.pronounced 

Q2 dependence for fixed W2. Hence the griczry dependence of 

x nc> is on W2 and a fit to all the data over the W2 range from 

4 to 209 (G2'I/c2)2 giver 

c q=> = (1.09 f .s) + (1.09 f -03) In M2 . 

The mean hadronlc nultlplIclty as a function of W2 Is plot- 

ted in Fig. 3 along with data for Q2 > 1 (GeV/c)2 from photo- 

production and electroproductlon e,xperlments. 2,3,4.5,6 The 

neutrlno data lie above the photo(electro)-production data by 

about l/2 unit. This Is perhaps attributable to the +2 charge 

of the hadronlc final state in the neutrlno experiment compared 

to the +l charge in photo(electro)-production. Within errors 

the slope of the W2 dependence of < nc> Is the same for neut- 
I 

rlno data and the photo(electro)-production data. 

A similar situation occurs in hadron scattering as shown 

In Fig. 4. Here we have compared our mean charged hadronic 
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multlpllclty as a function of w2 with similar results from 

inclusive proton production in pp scattering at Fermllab 

energies .7,8 As in the comparison with photoproduction and 

electroproductlon, the neutrlno data have approximately the 

same slope as the proton data, but lie about l/2 unit above. 

The data lndlcate that the mean number of charged haeons 

produced in the excitation of a proton by a wide variety of 

particles is independent of the nature of tHe interaction 

and depends only on the mass of the excited hadronfc system. 
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Table II. -z nc > for Various k? and Ev Intkvals 

EV 

WV) 

E - 20 

20 ‘- 30 

30 - 50 

50 - 100 

> 100 

$ (GeV/c2)2 

4 - 16 16 - y3 s - 64 64 - 200 

3.5i.3 4.4k.4 

3.7i.2 4.9*.2 5.2i.5 

3.3i.2 4.9A.2 4.95.3 

3.7i.2 4.3i.4 5.2~4. 5.&.4 

3.5A.4 5.3i.6 5.7+.7 6.81.6 



Figure Captions 

Fig. 1 Charged hadron multipllclty distribution in 

charged current neutrlno proton Interactions 

for various neutrlno energy Intervals. 

~Fig. 2 Mean charged hadron multiplicity as a function of Q2. 

for various intervals of hadron mass squared. 

The dashed line Is the mean value of C nc> 

for the W2 Interval. 

m3. 3 Comparison of mean charged hadron multIplIcIty 

as a function of v -? In up scattering to that 

observed In y, ep. and up I.nteractlons. 

Fig. 4 Ccmparlson of &ear! charged hadron snaltlplicity 

as a function of W2 in vp scatter- to that 

observed in inclusive pp scattering. 
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